This study dealt with the properties of acrylic primer for concrete substrate using acrylic syrup, made from a methyl methacrylate monomer solution of terpolymers. Terpolymer systems consisting of methyl methacrylate (MMA), 2-ethylhexyl acrylate (2-EHA), and methacrylic acid (MAA) with different chemical composition ratios of MMA and 2-EHA were synthesized through bulk polymerization using azobisisobutyronitrile (AIBN) as initiator. The terpolymer composition is characterized by FTIR, 1 H NMR, DSC, TGA, and SEM. The glass transition temperature and the thermal stability increased with increasing amounts of MMA in the terpolymer backbone. The effect of chemical composition of terpolymers on physicomechanical properties of primer films was investigated. However, increasing the amount of MMA in terpolymer backbone increased tensile and contact angle of primer films while elongation at break, water absorption, and bond strength are decreased. In particular, the primer syrup containing 65% 2-EHA has good bonding strength with concrete substrate around 1.1 MPa.
Introduction
Methyl methacrylate (MMA) is an important monomer, which is widely used for producing acrylic plastics poly-(methylmethacrylate) (PMMA) or producing polymer dispersions for surface coatings, adhesives, and functional additives [1] [2] [3] [4] . However, the physical and mechanical properties of PMMA limit its applications due to its brittleness nature. In order to enhance its mechanical properties, scientists have developed various methods to prepare different types of PMMA through the copolymerization of MMA monomer with various types of vinyl monomers. In this regard, Pathak et al. [5] have prepared terpolymer films of poly(methyl methacrylate-co-styrene-co-acrylonitrile) and found that films are brittle, light yellow in color and the softening range of the films was found in the range 89-119 ∘ C. The copolymerization of methyl methacrylate with 3,5-dimethylphenyl acrylate has been studied [6] . Glass transition temperature ( ) and thermal stability of the copolymer films were tested and it was found that properties of copolymer depend on the monomer composition. Increasing the content of methyl methacrylate ratio in the copolymer led to a significant increase in of the film, while thermal stability of the film enhanced by increasing 3,5-dimethylphenyl acrylate content. The same behavior was reported by Vijayanand et al. [7] when they studied properties of MMA/MAA copolymer films. Polymer films exhibited lower strength values by increasing MAA content. However, the mechanical properties of films containing 5% mPMMA were comparable to the commercially available resin. The chemical structure and physicomechanical properties of polymers depend on the monomer units, which are distributed along the macromolecular chains [5] . On the other hand, to prepare acrylic syrup, two components selfpolymerizing, a mixture of powdered polymer and monomer, is used. Mixing of two components is followed by dissolution of the polymer in the monomer results in the formation of plastic dough [8, 9] . Along with this physical interaction, the syrup is cured by the application of self-curing type. In self-curing, the polymerization reaction of methacrylate monomers is initiated by the activation reaction of benzoyl peroxide (BPO), with an amine accelerator at room temperature, which gives free radicals for addition to monomer molecules [10] . A high level of heat is generated during the exothermic reaction [9] .
In the present work the terpolymer of MMA, 2-EHA, and MAA has been synthesized at various composition ratios of MMA and 2-EHA using bulk techniques. The prepared terpolymers were characterized using different instrumental techniques such as FTIR, 1 H NMR, TGA, DTA, DSC, and SEM. Furthermore, the effect of MMA and 2-EHA on physicomechanical properties of primer syrups was studied by usual standard procedures.
Materials and Methods

Materials.
Methyl methacrylate (MMA), 2-ethyl hexyl acrylate (2-EHA), methacrylic acid (MAA) monomers, AIBN (initiator), solvents (ethanol and diethyl ether), N,Ndimethyl-p-toluidine (NDPT), benzoyl peroxide (BPO), and sodium hydroxide (1 N) were purchased from Fluka.
Synthesis of the Terpolymers.
Terpolymerization of MMA, 2-EHA, and MAA monomers was carried out by using bulk polymerization techniques at various monomers ratios, M1 = 65 : 30 : 5 wt.%, M2 = 75 : 20 : 5 wt.%, and M3 = 80 : 15 : 5 wt.%, respectively, using ABIN as an initiator at 60 ∘ C. The monomers (MMA/2-EHA/MMA) were mixed together and part of monomers was charged into a 500 mL three-necked flask. The free radical initiation system of AIBN (1.5 g) was added to the flask during mechanical stirring at 500 rpm. The other part of monomers (MMA/2-EHA/MAA) was added dropwise (about 12 mL/hr) during the stirring process at 65 ∘ C using an automatically controlled water bath under nitrogen atmosphere for a period of 4 hr followed by another 1 hr at 80 ∘ C. Sodium hydroxide (1 N) was injected through a hypodermic needle during preparation in order to control the pH of the solution at 8 ± 1. Then, the terpolymers synthesized were reprecipitated several times from ethanol to diethyl ether and dried in vacuum desiccators at 30 ∘ C until a constant weight was achieved.
Primer Film Formation.
Primer syrups were produced by dissolving terpolymers powder (M1, M2, and M3) into MMA monomer at normal temperature (25 ∘ C) to maintain the primer syrup at 15%, respectively. The viscosity of the primer syrups increases noticeably in few minutes due to partial dissolution of particles of terpolymers, in addition to the conversion of the monomeric MMA into polymer chain [8, 11, 12] . Then, primer films (M1, M2, and M3) were prepared by casting the primer syrup after mixing with initiator BPO and accelerator NDPT, which was added at 2.0 part and 1.0 part per hundred (pph) of terpolymers to mixtures, respectively, on leveled surfaces, allowing them to dry at 60 ∘ C, for 2 h.
Measurements. FTIR spectra were recorded on a Perkin
Elmer 2000 FTIR spectrometer. The 1 H NMR spectra of the prepared terpolymers were carried out by using a JEOL EX-270 NMR spectrometer, 270 MHz Japan for 1 H NMR with super conducting magnet Oxford, and 5 mm dual probehead for 1 H. Typical conditions spectral width 1/4 4000 Hz for hydrogen proton. Thermogravimetric analysis (TGA) was recorded on a TGA/SDTA851e, METTLER TOLEDO. Glass transition temperature of samples was measured using differential scanning calorimetry (DSC), on a NETZSCH DSC200 PC, using aluminum crimped pans under N 2 flow at 20 mL min −1 . The measurements were carried out between −50 ∘ C and 200 ∘ C at a heating rate of 10 ∘ C Min −1 . The microstructure of the terpolymers was investigated by scanning electron microscopy (SEM) recorded on a CarlZeiss SMT, Oberkochen, Germany. Pot life and cure time tests were according to DIN EN ISO 9514 [13] and ASTM D5895-03 [14] , respectively. The tensile properties of the terpolymer cast films were measured by using MTS 10/M tensile testing machine at a crosshead speed of 50 mm/min. An average of at least four measurements was taken, and the 1-kN load cell was used. Shore D hardness was measured using an indentation hardness tester according to ASTM D2240-75. Dynamic wetting tests were performed on a Camtel CDCA-100F dynamic adsorption apparatus (Camtel, UK). Each sample was cut to a size of 1 cm × 5 cm with sharp scissors. When the specimen was immersed into water for 6 months, the weight of adsorbed water was detected and recorded. The dynamic water adsorption was plotted as a function of feed composition of monomers. A universal testing machine (DCS-500, Shimadzu Crop, Kyoto, Japan) at a crosshead speed of 0.5 mm/min. was used to conduct the bond strength test [15] [16] [17] [18] [19] [20] [21] . The calculated bond strength was determined by dividing the force at which bond failure occurred by the bonding area. CH appeared at 2960-2919 cm −1 and 2875 and 2851 cm −1 , respectively.
Results and Discussion
The 1 H NMR spectra provide more evidence for the structure of the prepared terpolymers. The typical spectral for 1 H NMR is shown in Figure 2 and characteristic proton chemical shifts of the prepared terpolymers are recorded in Figure 3 . The chemical shift at = 1-0.9 ppm is a result of protons in CH 3 groups, at range 1.2-1.6 ppm for protons in CH 2 and = 2.4 ppm for proton in CH on the ethylhexyl group. The signals at 3.53-3.65 ppm are assigned to CH 3 groups attached to the COO side groups of MMA. The observed at 4.08 ppm is assigned to protons in CH 2 groups attached to the COO side group of 2-EHA. The prepared terpolymers are expected to have the following structure according the above characteristics as shown in Scheme 1.
Thermal Analysis.
Thermal stability and thermal behavior of the prepared terpolymers were investigated using TGA/DTA and DSC measurements. The TGA/DTA thermograms obtained for all terpolymers are shown in Figure 4 . As clearly seen, the main peak of thermal decomposition for all terpolymers started at 425 ∘ C. The initial decomposition temperature and the residual mass after thermal decomposition are given in Table 1 . Besides, the terpolymers exhibited high thermal stability, which can be explained by multiple weak hydrogen bonding between the carbonyl groups (C=O) of the terpolymers and the hydrogen atoms of carboxyl
Scheme 1: Structure of the prepared terpolymer.
groups. In addition, thermal stabilities of terpolymers are decomposing in one step. Thermal transitions of the terpolymers were determined by differential scanning calorimetry (DSC) analysis. As clearly seen, varies continuously with ratios of monomers in the terpolymer. To describe such type of composition dependence of of copolymers, the so-called Fox equation was used [22] :
where is the glass transition temperature of the terpolymer, 1 , 2 , and 3 are the glass transition temperatures of the three homopolymers, and 1 , 2 , and 3 are the weight fractions of the three repeat units in the terpolymers.
Differential scanning calorimetry is a conventional technique to judge the miscibility of a copolymer. The results of 
CH 2 (f) International Journal of Polymer Science 5 Table 1 : Thermal analysis data for the prepared terpolymers. DSC analysis of copolymer are summarized in Table 1 and Figure 5 . The experimentally measured values are close to the predicted ones based on Fox equation. Generally, it is known that is directly proportional to cross-linking density and indirectly proportional to chain flexibility. Results are consistent with this statement. From Table 1 , it can be seen that of terpolymers moves toward the lower temperatures as the 2-EHA increases. of the final terpolymers is changed by varying reaction time and temperature, most likely due to differences in reactivity ratios of the monomers, leading to different conversion rates and final terpolymer compositions in which the changes in the arrangement of the monomers in the final terpolymer occurred under several conditions. This process may introduce changes in the segmental motion or chain packing and it is described in detail for hydrogenbonded polymer complexes and some of the assumptions presented at that time may be applied to the homopolymers [23] . Hydrogen bonding between the branch chains decreases the mobility of the polymer chains.
Scanning Electron Microscope.
Morphological structure of the terpolymers was investigated by scanning electron microscopy (SEM) as shown in Figure 6 . SEM analysis exhibits the constituents of the prepared terpolymers, which clearly show that there is evident difference in quantities of monomers depending on the experimental stage. The ratio and type of the monomers are affected on the polymer particle morphology. As seen in Figure 6 , creased surfaces with decrease in concentrations of MMA and increase in concentrations of 2-EHA were observed, which contain longer side chain (M1), whereas it was found that an increase in the concentrations of MMA resulted in higher porous spheres (M3). With similar quantity of MMA and 2-EHA (M2) the surface of the tripolymers was fine surface.
Characterization of Primer Films.
Pot life is the length of time in which the flow properties (such as viscosity) of catalyzed syrup will not change within an acceptable application [24] . Pot life and cure time of primer syrup (M1, M2, and M3) are measured in the lab at an ambient temperature of 25 ∘ C. Figure 7 shows a sharp decrease in pot life and cure time of primer syrup with increasing MMA in terpolymers backbone. Primer syrup (M1) with 65% MMA gave longest pot life and cure time, while primer syrup (M3) with 80% MMA gave shortest pot life and cure time. It is well known that the pot life and cure time of acrylic syrups are affected by working temperature, mass of the mixed material, and the speed of the hardener [11] .
The mechanical properties of the primer films with respect to the amount of MMA in terpolymers backbone are shown in Table 2 . It can be seen that tensile strength increased with increasing amounts of MMA in the terpolymers backbone. This is presumably due to the increased hard segment contents (MMA) and partially cross-linking of carboxylic group (MAA) in the primer films. Internal ionic centers (MAA) also make positive contributions to the polymer properties by producing hydrogen bonding, greatly improving the mechanical strength of the materials [25] .
International Journal of Polymer Science However, the elongation at break of primer films increased with increasing 2-EHA amounts as shown in Table 2 . Increasing soft segment (2-EHA) in terpolymer leads to softer primer films, which possess increased elongation at break and reduced tensile strength [26] . Also hardness shore (D) increased with increasing of MMA in terpolymer backbone of primer films as shown in Table 2 . The surface hardness for primer film produced by terpolymer (M3) was found ca. 78, while that for primer film produced by terpolymer (M1) was found 72. Advancing and receding contact angle measurements of the films cast from acrylic could provide more information on the hydrophilicity of dried cast films. A better understanding of the hydrophobicity of the cast films could be obtained from dynamic contact angle studies rather than from swelling studies. Figure 8 shows that the measured contact angle for a drop of water on primer surfaces increases with increasing MMA in terpolymer backbone. The hydrophobicity increased with the increasing amount of MMA. For example, M3 with 80% MMA gave the highest contact angle with 120 degrees, while M1 with 65% MMA gave contact angle of 105 degrees. The results confirm that chain rigidity is a more significant factor in controlling the contact angle, because chain rigidity does not allow the ionic groups (COOH) to come near the particle surface. As expected and in agreement with previously reported results by other authors [27] , polymer surface exhibits hydrophobic character when sufficiently cross-linked and amount of polar of COOH decreases. On the other hand, the polar functional group, such as carboxylic acid (free) is expected to be reoriented out of the plan at the surface by rubbing, which in turn provides smaller water contact angle [28] . The contact angle of a well cross-linked film is higher than 90 ∘ [29] . Generally, if the water contact angle is smaller than 90 ∘ , the solid surface is considered hydrophilic [29] and if the water contact angle is larger than 90 ∘ , the solid surface is considered hydrophobic [30] .
The results of the water absorption tests reveal the dynamic wetting behavior of the primer films. The primer films show a very low absorption with the increase of content of MMA in terpolymer backbone, as shown in Figure 9 . Films containing 80% MMA and 15% 2-EHA (M3) show lower water absorption than those containing 65% MMA and 30% 2-EHA (M1). The results showed that the water absorption of the films depends upon the composition of terpolymers. When the samples are immersed into water, the effect of buoyancy of water pushes the materials upwards since the surface contact angle is higher than 90 ∘ [31] . This observation confirms the hydrophobic behavior of primer films. Figure 10 shows the effect of terpolymer composition on bond strength between primer syrup and concrete substrate. From results, it can be seen that the bond strength of films containing 30% 2-EHA was higher than that of film containing 15% 2-EHA, while increasing the amount of MMA in terpolymer backbone reduced the bond strength of the films. The increase of bond strength is interpreted in terms of increasing soft segments (2-EHA) in the primer syrups, crosslinking, and bonding to the concrete substrate.
Conclusion
Terpolymers of (MMA : 2-EHA : MAA) in three different ratios, about 30 : 65 : 5, 47.5 : 47.5 : 5, and 65 : 30 : 5, were prepared and characterized in relation to IR, 1 H NMR, DSC, TGA, and SEM. TGA showed that all the terpolymers exhibited high thermal stability. However, DSC result showed that of terpolymer decreased with increasing 2-EHA. Acrylic syrups were prepared with 15 wt.% terpolymer and 85 wt.% MMA monomer polymerized by a dual initiating system containing BPO and NDPT. Acrylic syrups were applied as primer to concrete substrate. In primer syrups, mechanical properties increased with increasing MMA content in terpolymers backbone. On the contrary, bond strength between primer and concrete substrate increased with decreasing 2-EHA. The best terpolymer composition, which produces primer with good bond strength with concrete substrate, was 
